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Progress Report  
I. OBJECTIVES 
The overall objective of the project is to investigate in vitro the mechanism 
and effects of corrosion in dental amalgam of various compositions and structures. 
The goals for the current year have been as follows: 
1._ To investigate the relationship between corrosion conditions, the composition 
and structure of the amalgam, and the rate and form of the corrosion attack; 
2. To investigate the mechanism of the corrosion attack; 
3. To study the corrosion properties of the amalgam phases; 
4. To investigate the effect of corrosion on the mechanical properties. 
II. STUDIES AND RESULTS 
The relationship between corrosion conditions, type of amalgam, and the resulting 
attack was investigated using the corrosion test procedure developed during the 
previous year. In this test standard ADA specimens are exposed to 1% NaC1 and 
polarized to a controlled potential, and the current is recorded and integrated over 
the test period. The effects of temperature, time and potential were examined; the 
results can be summarized as follows: The test is temperature sensitive, the reaction 
rate increasing with temperature; the total charge (integrated current = corrosion 
index) increases with the polarization potential to about +0.05V (SCE) and then drops 
for conventional amalgam; the drop is not observed for high copper amalgams; the 
current stabilizes in most cases after about 20 hours. On the basis of the above 
results the standard test conditions were selected as follows: temperature 37 ± 
0.25°C, polarizing potential 0.0 V (SCE), test period 24 hours. 
Different types of commercial dental amalgam have shown substantial differences 
in corrosion test results. High copper amalgams as a group exhibited better corrosion 
resistance than conventional amalgams, best results being obtained consistently for a 
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single composition alloy amalgam (Tytin). However, other brands of single composit-
ion alloy amalgam showed substantially lower corrosion resistance, which further 
decreased with the aging of the amalgam. The behavior of disperesed phase (addit-
ive) type of high copper amalgam generally improved with aging. 
The form of the corrosion attack was examined on specimens exposed in a 
special crevice cell and on specimens exposed to a 1% NaC1 for up to one year, using 
metallography, electron microprobe analysis, and SEM. In conventional amalgam the 
y2 was attacked whenever crevice conditions occurred and was transformed into a tin 
oxide; in surface regions tin chloride complex was the additional corrosion product. 
Morphological changes of the y i phase were also observed as a result of corrosion. 
In high copper amalgams a complex behavior was observed, which is only partially 
understood at this time. The copper-tin react'dn phase, which forms in both dispersed 
phase and single composition alloy amalgams, was found to change in the interior 
of the structure as a result of the corrosion activity on the surface of the amalgam; 
the result was a depletion of copper in the corrosion affected zone, copper was 
found to enter the solution as soluble species. At the same time the y l matrix 
phase was transformed into the s l phase, and the dissolved tin reacted with the 
environment to form tin oxide. 
The investigation of the corrosion propertis of the amalgam phases was continued 
for the y phase. The corrosion behavior was found to be a function of t.a tin 
content; at higher tin concentrations an intergranular form of attack was observed. 
The results indicate a complex relationship between the tin concentration, the rate 
of the attack, and the y i 	phase change. 
An extensive test program was initiated to study the effects of corrosion on 
the mechanical properties of 14 types of commercial dental amalgam in the effort 
to correlate corrosion behavior with structure and composition. To date two 
exposures were completed, two months and one year, and a partial analysis of the 
data. The exposures were made under the conditions of general, crevice and galvanic 
corrosion. Compressive strength tests after one year showed strength losses due 
to general corrosion ranging from insignificant for a single composition alloy 
high copper amalgam (Tytin) to 50% for a conventional lathe cut amalgam. Dispersed 
phase type amalgams showed good resistance to deterioration, the strength losses 
averaging 11% for the four brands tested. Different single composition alloy 
type amalgams showed larger differences in behavior, the losses ranging from 
insignificant to 30%. The galvanic contact with gold resulted in a further reduction 
in strength averaging 13%. Specimens have been examined for both surface and 
interior changes. Growth of f3 crystals on surfaces of corroded high copper 
amalgams was observed for the .irst time, together with the formation of other 
corrosion products. 
A creep testing machine for dental amalgam was designed and built to allow 
determination of the effects of corrosion on creep. The creep tests will be 
initiated before the end of the current project period. 
III. SIGNIFICANCE 
It is generally accepted that corrosion plays a significant role in the 
deterioration of amalgam restorations. The understanding of the mechanism of 
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corrosion and of the effects on the structure ard properties of dental amalgam 
will make possible the development of Lr.i.ter restorative materials. 
IV. RESEARCH GOALS FOR THE COMING YEAR 
The following tasks will be performed: 
1. Determination of the effects of corrosion on the mechanical properties of  
various types of dental amalgam. 	 - 
This is a continuation of the test program initiated in the current year. 
A six month exposure will be added. Compressive strength and creep will be 
determined for the 14 types of commercial dental amalgam following the 
exposure and the results will be compared with those of controls and previous 
exposures. 
2. Determination of the effects of corrosion on the structure of -arious types  
of dental amalgam. 
Metallographic examination will be completed on the specimens exposed 
for two month and one year, and on the six month specimens. Phases in the 
structures of both controls and corroded specimens will be identified using 
optical and scanning electron microscopy ard electron microprobe analys:s. 
3. Determination of the corrosion behavior of the various types of dental amalgam  
The 14 types of dental amalgam will be examined by anodic polarization 
tests, potential-time tests, and using the integrated current test procedure 
developed in this program. This will allow an analysis of the correlation 
between composition, structure, electrochemical properties, and the effects 
on the mechanical pro:—ctls. 
4. Investigation of the mechanism of corrosion of dental amalgam. 
The study of the electrochemical reactions in localized corrosion cells 
will be continued. This includes determination of all relevant parameters 
such as potentials, currents and solution chemistry in special cells. The 
current analytical procedures will be improved to achieve higher sensitivity 
in detecting solution chemistry changes. 
The undersigned agrees to accept responsibility for the scientific and technical 
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